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Types of Calcu lators 

Sulietln developed by Jon L* Hlggins 



January 1978 



Perhaps "a rose ±e at rose Is a ro^e'S hut It Is not true that "a calculator is 
a ealculator is a calculator"! The w^ay one eaters Information into a calculator, 
Md tha way the calculator prpcesses the entered information ^ varies aceotdliig to 
tile brand and the model calculator being used. While there la a ^Ids variety o£ 
calculatar types, there are three basic variations (and a minor contJlnatlon) that 
yeu s! luld be aware of * 

Tha first, and parhaps simplest of theaei accepts numbers and opeTatlona jugt 
aj they are written in horlgontal mathematical notations^ That is, to do the 



3j arid.^1^ Perhaps the most Inpottant key 



prablett 2+3^, one simply keys in 2i 

is the^J key, for It actually Instructs the calculator to execute the op^ratlDn 
which %^as keyed la previously* This seeM natural for problen^ wicten in hari^omCal 
aocation, but it can be confusing for young children if they have only se^n a 
vertical format such as 2 . Not only is there no ^ sigti in a vertical format , 



but the horizontal line is important in signaling the end of the probl^ni ^ tat went. 
Of course, there la no horizontal bar on any calculator keyboard. Fortiinately, 
tha elementary^ mathematics eurriculum has atcetnpted to make children ec^rafortable 
wlch both hprlgontal and vertical formats fotf many years now* Widespread adoptloti 
of hand-held caleulptors, however, may finally provide a reason for eftphaai^lng 
tha horlEontal format* 

' Whan a aeries of arithmetic operations Is entered into calculators of th^ flMt 
typej the calculator processes the operation in the order In whioh they ate exitaredp 
Thuii tha eKpresalon 

2 + 4x5-^9*3^ 

woisld be evaluated as 6x5-9^3^ 

then as 30 - 9 T 3 ^ 

and finally as 21 * 3 * 7 

This procedure seems perfectly reasonabLe until one begins to lMlu4fi fractloni 
in the arithmetic operations. A type 1 calcislator would evaluate the expression 

ill + 1/4 - aa 
lt2 + 1^4^ 



or 



0*5 + 1 ♦ 4 - 

1.5 ♦ 4 - 0,375 



2 



Ihls ia a dlaastrous atafce <?f affairs, stnce the qorracc atiswer is 0.751 One 

»*ay to avoid chla difficulty Is to agiee on a new cjrder of operatiomsi evaluate 
«U BwltipLlcatlons and dlvisloRa in m eatpiTBssion fltsC, and gvaluace che add- 
iEloaa and aubtracttons lasc, VTtth this «greenant , Ii2 + 1*A« 



bficoaes 0.5 4 0,25 ^ 0,75 

Seeauae of difflcultlas such as this, second-type calculacor has teen constructed 
tthleh follows thli new rule oJ order. It would evaiuata the expreiston 

2 + 4x5-9*3 = 

0L3 2.+ 20 - 3 ^19. 

^pe 1 calculatori which process ^11 operacions In the order In' which they are 
totered are known as alsebratS. iaSiS. cdiculfltors. Type 2 calculatots which perform 
all nultlpllcations and divisions in m expresalqii before evaluating addltioiis and 
flubtractlons are knovn as alsi|bralc ojeMtlng. a^s^e^ calculators. 

It la not easy to modify a type 1 calftulator to perfoTO like a type 2 calculator 
unless the calculator has a Bjemory, lac It Is relaclvely easy to maV-.e a type 
2 calculator perforin like a type 1 calculator. The secret is slniply so have each 
Operation perfortted before the nexc ^ratton is keyBd in. The simpleac way to 
xeme»ber to do this Is to press the Q key after esch operation expression Is 
eampleted. That is, If you ate using & type 2 calcalator and want it to evaluate 
the expression 24.4x5-9 + 3*111 the same way as a type 1 calculator, you 
should use the following kay sequence: 



B ^.BS ^.Q 9,Q. 0.3,13. 



(This Is the atopies t procedui:© to re^ei^er, Sut It Is not the most efficient 
proeedwa. Since the type 2 calcul^tQf peitfortna multiplications and dlvlgiotiP 
first, It Is really orily ne^easan^ to press the equM key after addition© and 
iubtractions* Thua the sequence 2.^* *iC3*E^ 5^13^ ^^^^ 
gtvm mm same resulca. For beginiiers , however, the loiiger procedure is motB 
cons ts tent and leSi confusing* 

Thkre is another majot type of calculator that Is available to sttidents. 
The type 3 calculator (RevtMe Poll#h Notation) focaiei upon the atithMtlc 
opaxatlons as futtctlDna on ordered jJalw oS nu^era* That iSs addttloti watches 
the number pair (15, 10) with the fiuwher 23. SubtMctlon matches (15, 10) 
«lth 5. Multiplication inatches (15, lO) with 150. Division tnatchei (15, 10) ^ith 
1^5. The order ef Che nu^ers In the pair is ImpoTCant* since not all opsxatlona 
are coMiutatlve. For aub traction <15| 10) is Mtchad with 5, but <10, 15) li 
fflatehid with -5, Because q{ this f^ciia on nundber pairs* a cypfe 3 ealcnlater 
tequtras that both, mrabers be entered bafo^e the Qparation la bpftclfled. Thus 
a type 3 calculator haa a key on tb# keybwrd Juat for entering nui^ers. ^at 
key la usually marked pj^ - To add 2^3, key In 2, f^Tt. 3 (which establishes 
thi ordared pair (2^ 3) and chen In^ttuet the calciilatoir which operacicn function 
to perform by preaslng an opetaclon k^y. Thus the coi^lata keystroke sequence for 
adding 2 + 3 Isi 

2i rinti ^ 3^ 



Press Ing the operation key actually pnTtarm tha operation , so that no C3 key 
im necessary. Tine sbaenee e£ an ^ key im the easiest way to identify a type 3 

4 
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(Reverae Polish NoCation) calQulatOf , Less ©^^mIvb type 3 cdlculatori omit the 

key and use the Q key both to enter rtu^ers Jitid to perfam the addlcloa 
operation* 

Finally i ioroe calculators Act like a comb Imt ion of type 3 atid type 1 
calculatorg. These ealculatota yo^k with Rev%Me Polish Notation for addition 
and aubtractlDnt and with algtbraic logic for ntal^t^llcatlop and dtvlsion* They 
are most easily Identified by double marked k%y0 Q and p Many buplTiess 
calcuiatsra and printing calculdcoM use this combined aysteTns knovm as arlthfflstlc 
1or1c> Because this combination logic could be confuslngp thegs calculators 
probably should not be used with young begltintfig atadents* 

Each of the three major types of ealtutators t\m its own advantage, A type 1 
calculator oparates just as a person with tninla^l ^theniatica training would expect 
that It should, A type 2 calculator operates consistently with conventions inade 
in algebra. A type 3 calculator emphasizes ordered pairs and functions, =As we 
have tried to point out. It is not difficult to switch baclc and forth between 
diffetent types of calculators* But it Is risky to approach a tie^ calculator and 
assume that It will work eKactly lite your old familiar one. 



This Information Bulletin was prepared by Jon 1^ Hlgglni, The Ohio Statt University- 



This publication was prepared pursuant to a contract with the Ifatlonal Institute 
of Education, UpS* Department of Health, Education and Welfare. Contractors 
undar taking such projects under' Govetnffient sponsorahip are encouraged to express 
freely their judgment in professional and Cechnt^al inatters. Polata of vlw or 
opinions do not| therefore, necessarily repreient official National Instlcute 
of Education position of policy* 
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1200 Chambers Rd. 
Columbus. Ohio 43212 

(614)422-^8509 



Caleuiator Activities for 
Seaondary Grades 

CQlleeted and developed by 
^ayne Channell 



Information Bulletin No. 
December 1977 



The hand-held calculator is becoming a very coronon Item of interest to secondary 
school students and teachers. Nor only can tha calculator perform computations 
quickly and accurately! it can do this for a very small costi It is no longer 
unraaaonable to assume that a secondary math claasroom be equipped with several 
calculators i However, it is iniportant that these calculators be used for more 
than checking answers and playing ganies* With a little effort every teacher can 
create activities which take advantage of the calculacor^s quickness to reinforce 
and eKtend concepts and to develop problem solving. It Is the purpose of this 
information bulletin to suggest several such activities. No attempt has been 
made to cover the more advanced levels of the secondary mathematics curriculum. 
Insteadi activities that can be used with the majority of students are suggested. 
It la the hope of the author that these activities will serve to direct thinking 
toward the development of useful activities which take full advantage of the 
hand-^held calculator as an educational aid* 



Investigate the pattern In the decimal remainders for each. set of problems 

a* 11«* 12r5, 13t5, 20*5 
b* 1547, 1647, 17t7, ... , 2847 



Key In '8213, 5467 \ Replace the '6* with a ^ero without changing the remaining 
digits. 



Many digit sequences form' words when the calculacor is inverted. The following 
code is used! 

8^B, 7^L, 6^g, 5^S, 4^h, 3^E, 2^Z, 1^1, 0^0 ;^ 

Work the following problem and invert your calculator to determine what Pat needs 
to buy before playing tennis. 

18 (147 • 20+19 * 367 41000 ) 



If a square has an area of 529 cm^, what Is the length of a side? What If the 
area Is 158 m^l 



Begin at zero and make your calculator count by ones until you reach one thousandt 
How long did it take? Now begin at Eero and count by ,01s until you reach ten. 
How long did this take? Compare the two results. 
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$100 Is Inveitid at 5.25^ annual vtth the interest left to eampound. How long will 
it take to double the Investflent? How muah would the Investment be worth after 
100 jmtsl 



Collect several circular objects. Estimate the decimal value of it by measuring 
the diameter and etrcumfer fence of each object and cpmputing an average ratio. 



Use a ^Ist-watch with a swaep-second hand to determine how far the tip of the 
$©aoiid hand travels In a 24-hour period. How far would it travel in 5 years? 



if squares are to be cut from the corners of a square paper 25 cm on a side so that 
the paper can be folded Into a "toplaas" box, what is the largest possible volume 
this box can have? , 



Calculate the thickness of one page of your mathetnatlcs teKtbook. 



latlmate the number of blades of grass on the school football field* 



lihlch.ls a better salary Co earn over a 30-day periods Plan A 

Day 1 Day 2 Day 3 Day 4 etc* 
Plan A $1 $2 S4 $8 etc. 
Plan:B : ^ $100 ^ $200 $300 $400 etc. 


or 


Plan B? 


Consider the natural numbers n from 1 through 25, Calculate 1 
you predict for which n the calculation will fill the display 
Test your prediction for n>^26, 




for each n* Can 
e.j not terminate)? 






Hake your calculator display the following number aequences. 


in 


each case, find the 


10th and 20th terras In the sequence. 






a. 4» 8y 16^ ««« 






b* 4, 8, 12, . . . 






0 i 25i 16| 7 1 * c • 




* 



Find a nuB^er m so that nxmKia^lS, 



^l^.pjubllcatlon was prepared pursuant to a contract with the National Institute of 
Education I U.S. Department of Health* Education and Welfare* Contractors undertaking 
such projects under Government sponsorship are encouraged to expresg freely their 
judgment In professional and technical matters* Points of view of opinions do not 
therefore J, neceasarlly repreaent official National Institute of Education position 
or policy. - „ — _ =, 
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Sug gest ions for Calculator Selection 



1200 Chambers Rd. 
Columbus, Ohio 43212 

(614) 422-8509 

Inforniation Bulletin No* 3 
June 1978 



This Is a synthesis of considerations and appropriate suggestions for 
sai^ctlng a calculator for elementary school use. Most of the conalder-' 
ations are also appropriate for secondary school users ^ but such factors 
as the nufflber of functions, the type of logic, and prograimning capability 
assume increased importance in upper-'level courses- lor additional 
dbaformattonj check the references in Reference Bulletin 12, 

Note that it is important that a calculator be selected in relation to 
aatlclpated curricular applications. It is strongly suggested that 
the way a particular calculator operates should be checked carefully: 
cast the calculator before you buy a classroom set to be sure it will 
serve your needs. 

Things to Consider Suggestions for Elementar y Level 

Type of logic 



Number of functions 
Type of decimal notation 

Overflow or error indicator 
Typft of display 



rcially tao^ as "Algebraic'* 
Callows data to be entered as mathe- 
matical sentences are usually written; 
see Information Bulletin 1 for a dls'- 
cussion of types of logic) 

At least +, ^ 

Floating decimal point; negative sign 
that iimediately precedes a negative 
nimberi check the way the calculator 
rounds numbers 

Clear indication of when display * input i 
or processing limit Is reached, or when 
"Illegal" operation Is used 

8-10 digits; easily readable | acceptable 
viewing angle Cdepends in part on how 
many persons are to view— one child or more 
than one; how calculator must be positioned); 
note that the vlsion-lm.palred child may have 
difficulty with certain types of displays 
(see also comments on page 3) 



Role of keys 
Keyboard format 



In general, each key should have only one 
purpose 

Configuration of keys should facilitate 
accurate entry; easily accessible on--off 
switch—check the ease with which it works; 
adequately sized keys; keys should give 
soffle response when pressed (clicks beep, 
or other sense); note the position of the 
numeral In relation to the keys 
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Things to Cons Ider 
Btzm and weight 
Power source 



SpSGial kays 

eonitant (K) , change iign 
(+/^) 9 parantheaes i square 
root, pereant^ fraction^ 
squaring 



Memory: two— key 



four-key 



Memory liidlcator on display 



Sclent if ie notation 



Automatic conatant 



Suppeetl ons for Elamentary Level 

Appropriate for the user 

Should provide long servicei conserve 
energy. One opinion: "Consider the 
nu^er * operating hours per battery 
replacesietit or charging. AutoMtlc; 
powers-down displays and delayed power^off 
features Insure the maximisation of 
battery life* Long-^llfe replaceable 
batteries seem to be the most coat-- and 
tlffle-ef flclent , Charging batteries and 
contending with electrical cords can be 
tedious.^' (Caravellap 1976, p. 548) 

Analysis of the curriculum tn which the 
calculator is to be used will aid in 
deciding how important these key a are 
to the user (for example , tha +/- key 
is important if you want convenient mani-- 
pulatlon of Integers)! generally you will 
have to "trade" some features for others 
you consider more desirable. Note how 
the keys handle the procedures. 

Stores (STO) the displayed number for 
later recall (RCL) i a useful feature 
for users even at early levels 

Allows functions s usually addition (M+) 
and subtraction (M-^) ^ to be performed on 
the content of a memory regis teri "with 
retention for later recall includes 
"memory clear" (MG)i could be useful at 
upper levels 

Helpfuli make sure that It is easy to 
interpret the symbol (for eMmple^ an 
"M" is easier than a ",") 

Note when and how it works (It may "cover 
up" repeating decimals) 

Allows calculator to counti note for 
which operations a constant applies 5 
and the poiition of the number treated as 
the constant— note also that it may 
operate differently with different 
functions . 



9 



-3- 



Things to CQnaider 
Printout 



Durability 
Coat 

Rallablllty of manufacturer 
Reliability of vendor 



Suggestio ns for Elementary Lev€l 

Not worth the current coat*--but could 
be helpful to some uaeri if coat droppid; 
note that a printout may take an unex*- 
pected form^ — check how iymbola appear 

Check on droppage, malfunctioning 
incidents^ etc, ^ and weigh this in 
relation to cost 

Within the budget ... 

Adequate Cl2-month) warranty i repair 
service 

Prompt 5 responsive service 



Types of Display 

Currently two different types of display are available i LED (Light 
Emitting Diode) and LCD (Liquid Crystal Display). Each has advantages 
and disadvantages. 



LED 

in use longer 
less expensive 
uses 9~volt battaryi 
tlvely short life 



rela- 



durable (depending on the 
particular calculator) 



"flashing'* of symbols 
can be read in dark 



red numerals or blue /green 
numerals^ higher battery 

drain for blue/green than 

for red numerals 
red numerals not readable 

from wide angle; blue/green 

generally readable from 

wider angle 



LCD 

more recently on market 
illghtly more expensive 
uses silver oxide battery* 

hundreds to thousanda of 

hours of life 

less stable, reportedly (e.g., 
dropping may cause display 
to shift or lose part of a 
symbol) 

"Immediate" displays of a3nHbols 
depends on good reflected 
room light 

black nuinerals on gray, yellow i 
low battery drain 



readable from wide angle (In 
good light) 
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CALCULATORS INSTRUCTION i 

An Information Bulletin for Adminis tra tor s 



Information 
Bulletin No, 4 
December 1978 



Prepared by Mary Harley Jones and R, C. Bosley 

Now that calculator costa have atabllized at very affordable levels for any 
schools the potential of the calculator as an aid to a school's total instruct 
Clonal program is indeed great. In every discipline where problem solving with 
quantitative data is a basic skilly the calculator is a tool which relieves atu- 
dents of computational loads and frees them to focus on the primary learning 
objectives of interpreting the written word analyzing Informations formulating 
Bolution itrategies, drawing conclusions * and making decisions. Although very 
useful in science ^ social studies^ business * ecgnomicss home economics, and voca^ 
tlonal classes, the calculator is moat useful in tflathematlca Instruction at all 
grade levels. 

Calculators will not eliminate the need for students to acquire paper^and-peneil 
aomputational skills; rather * they will aid the student in understanding the 
Goncepte and algorithms necessary to the development of computational skills* Cal-- 
eulatoris like computers ^ cannot replace the need for knowing how to solve problems i 
they can produce correct answers only when the RIGHT buttons are pushed* If a stu- 
dent does not know when or with which numbers to add, subtract i multiply, or divide , 
the calculator is useless. Calculators ^ appropriately used as an aid, *can itaprove 
mathematics instruction - 

The success of any new instructional aid or program In a school depends on informed 
administrative leadership. For effective calculator-balded Instruction, administra- 
tors should be aware of appropriate instructional uses of the calculator. Selecting 
the most suitable calculators for a school, managing their storage and distribution 
with ease and efficiency, formulating guidelinea for their use, and providing ta^ 
service training to teachers are also critical aspects which an administrator will 
need to address^ 

Instructional Uses 

The following eKamples of appropriate uses are not exhaustive * but Illustrate the 
ways calculators can aid in mathematics Instruction, 



Pattern Perception * Perceiving mathematical patterns leads to dls^ 
covery ^n^ understanding of significant mathematical concepts. Skip 
counting is the pattern leading to multiplication concepts and acquleltion 
of multiplication facts. A number line, a hundreds charts a calculator, 
or all three reveal skip counting patterns. With a calculator, the 
pattern emerges with great speed and accuracy* Multiplication and dlvi-* 
sion by powers of ten form patterns essential to estimation skills and 
ability to use scientific notation* A discovery-type lesson on these 
patterns is more efficiently accomplished with a calculator than with 
paper and pencil because of the time saved in generating the patterns. 
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Coneept Develo pment , One advantage ealculacors bring to .conceptual 
development is the reduction of the interference of lengthy, time-eon- 
aiuning aomputation with the devBlopraental steps Iti presenting the concept* 
The relatlonahlp of a circle's circumference to its diameter Is a concept 
studenti develop in the middle grades and la uaually their first eKposure 
to Btk Irrational number. This concept is frequently developed by having 
studenta measure the circimf erence and diameter of several circular 
objects of varying slzm and finding the quotient of the measures of the 
circumference and the diaifleter. If the long division vlth nimbera 
similar to 6 7/16*' and 2 1/16'' la correctly completed, all quotients are 
very close to 3,14, no matter whether the circular object was large or 
small. The point of the lesaon la often lost in the tedlousnees of the 
difficult divisions. If the dlviaions are done on a calculators accurate 
answers qulcKly obtained l^eep the point of the lessonp G -f- d -if s con-, 
stantly In focus . 

Problem So ivln g . Rempval of Che t line-consuming coniputatlons Ijivolved 
ill many problems enable the student to focus , without undue interruptions 
on the proceis(eB) required for correct problem solution* The tiine saved 
will allow the teacher more time for inatructlQn on problem-solving skills 
and will allow the student tlwe to attempt more prohlenis. 

Real Problems, The application of mathematical skilla to solving real 
problems serves to inake mathematics a more meaningful endeavor for students. 
Teachers rely heavily on textbook-^types contrived probleias simply to 
control size and difficulty of nutflbers with which the student must deal* 
With the aid of the calculators this is no longer an obstacle to solving 
real problefflg* 

Enrichjaent ^ Some enrichment activities present fairly hea^^ eomputa- 
tlonal requirements . The student typically involved with this type of 
activity is a good computet. The calculator can remove the boredom of 
. extensive computation for this student. 

Skill Reinf orcement , Calculator useln drill and practice has been a 
point frequently made in the literature and has been the primary focus of 
much of the conmercial calculator-based instructional materials. Misuse 
of the calculator most often occurs in this area; howevers there are many 
productive ways to use the calculator for drill and practice purposes* 
'Using the calculator to practice estimation skills by having students 
confirm their estimations with quickly produced calculator answers pro^ 
vides the iiroedlate verification studenta need to sharpen estimation skills. 

Selection 

There are vast differences in the pttany calculator models available on today's mar-^ 
ket* Some are unsuitable for school use and no single model will be suitable for 
all students in a school district. An appropriate model for elementary students 
might not feature the capability of entering negative numbers* but this feature 
la essential for students in advanced high school mathematics and science classes. 
Asseeslng the needs of the student-^user is the first step in selecting a calculator. 
Other Important considerations are coat, varranty and service, type of logic, type 
of displays power sources memory, key slge* readability of displays and appropriate 
functions. Detailed information on these conslderatlona is the subject of Informa-- 
tlon Bulletin No. 1 and 3* available from the Calculator Information Center. 
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SJnc^ maimfacturtTS- phase in mtL4 phase ©ut calculator &Qd^l§ m f^sqmjititL^ 
antottoblls manufacfeurMS, it Is topartsnt to purchaie, at orie t la^i ^he desired 
O-Wber oJ wnits of the particular model ehosen. fot ease of usety student 
taaahir, It is be^t that each stadent iri a class hmvm tie i^a ^o^el cslctjlmo^* 
We itroiigly reeomend that calcTilators ha purchased in ^I^ssmoti ^sts. 

mlnimlEfi battery rBplacsmerit aost, careful eonsid#ri.tlOT of th^ type of cal- 
etilator dLaplay la reGonmended ^hen selectttig a calculator* ^vail&blc cyp^i 

&f display have vary lag degrees of drain ctt batteries, C&l^iala^to*B mising silver 
Dictde ar laercury "batteries can provide thousands of hou^a ot cc^^piitlcig tlni^ a«d 
sliDuid be considered as altematlire to the pumhsse of ^aLculat or ^ t^ith adaptors. 
Adaptors s if desiredp should be pwchased at the smm tt^m %a calculators. Con- 
sider the fiumber of electrical oatleti In rooms and Che p^ssibli wys the cdlc^^ 
latora might be used In atatioaary sltuatiOTis (i-e*» lewaiiig c ea«rs or labora- 
tories) in daciding on. Che tiunber of adaptDrs to putaha^e^ Foi*.r £^t five adapters 
per clasarqom set of calculators is prphably sufficient £^r mBt ^ItijatloEs* 



Ccntroli Storage^ and Security 



rhaft and loss rates have been Tiegllglble tn ichooli 
vrhere simple but effective storage systems are used. 
A. clasBifCDa set of calculators should be stored in 4 
hen or carton with pigeonholes for each calculator* 
Each calciilator ihould be numbered so that the nuobit 
Is visible when the oalculatoi is in the box* Studertts 
aan be assigned calculatori by numbers, if desired ^ but 
EL quick, visual check at the end of the period of use 
will pro-vide necessary classrcom security* Such a G#se 
irould be light enough for carry lag to the school office 
for overnight itpragej if desired s and small enough 
fit In a teacher's claisroom storage closet or cabinet. 
If a calculator is borrowed from a set by a teacher, 
administrator, or students a checTt^out. system is 
raoommended to reeord the whereabouts of the "loose" 
ealculatcr . 
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ItiltAal md Mai ntenance Coats 

The calculator Is no longer the ecar nic inarvel wblcti drarsat ically 
decreased in unit price i^hilc pruducit quality iCeadlLy itiMi^ied. 
Calculator costs have stabilised at affordable lev^l^ tot ^Itfost &ny 
sehc^l budget, rhe initial cost is conparable Co th&t of ^ textbook* 
A calculator appropriate for elementary and middle s^ho^lP c^n ts 
purchased for $7 to $20, Saitable calculators for htgh scTio^l wm 
currMtly vary from $13 to $50 each* Iff atudencs staff ^re in- 
strmted on proper care of the calculator a as with a»y ^tlter tool or 
Iristrtietlonal aids mainteaaace costs will be mttiio^l^ 

Tipa for proper care Includes 

Turn calculators off i^hm not in use to cimB^xvm b^tt ir^ energy- 
Kesp calculator on a flat surface or a atatid, a^ay fr^m the ^dge ai 
the table or desk* 
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teffl^l^i battPri^s and store in a co^ l f li^ci i^ben calfiiAila*ors are tiot 
isk u^ii fo^ # l0n% period of t%Mk siJ^ch as sujiitter va^at io^i* 



hMwitHBm nOT ±nsttri4ct jonal aid, ttaeliet cr^i^itig ^fl caLciiiat or Uie Is topor- 
taint* This need no* be #n lexpensive qoi^ l&^g*hy^ prajecc, A ictiooX diitrict' a 

couLd a taaahst ^xpi^rlia^ed In tbi use c^f ^aL^cu3.ator&# Btjc to 12 hours of work- 
sbop-t^pe in-pirvia^ ^ho^Jld suffice * Ttai An-^i^tce ibouLd include a thorough 
tacastm^Tit of aTp^op^i^te and inappropclatft Iti^st^utctorial w^ifeJ o f tfaloulators, 
with itresa 0^ utlli^f^titfn in wtXl-planrtsd 1& tsCTi wttli cLga^x-cnit objectives as 
oppcraiii to uttil^at=lot^ 0^ a h^phai&rd bptet^. I^afQCTlug t^aaher s che sehool's 
attd/or ichDQl di^trdct^'s guidelines on ffai^uL^t^r shoa.U aL 10 be an in-servlca 
topic. ClnSormuio^ Sulistan No * 5 pco\Pi4^i .tuggtettoita for wo-tk#hop leaders j 



Qaiacli^nss for C^lc^l^totg Uae 



strongly reco^e^d th#t a school and/'or i&^ocPl aystfe® S et |u4d^llae^ 
caletila-tDi us© * The ffolio^ing aEi augg^st^d a roloLlWffli 




How^a^i s^hpn «eaGhin| basic ffoni^ab^td.oiial rigo^lttuns , i:he calculator 
can a mispfui tool for Uamitig 0^ ^atfioyii aapiati »c£ an algorithm 
such a# parc^laJ p«ducti In Mlt^pL ic^tton.. 



^life^ia-^e:g^^hgy air e tjsed Ip ^^^a_s i r 0 o 



iQce^i to al^ulat era 



^t>^jT3f^ji^£_jrft^tA^ ^^H"^^^L! £ P^.^^t hava equal 

4S rj^g^^f^^^igJlC^ll^ be provided, 

utator 



1^1 



Tic^t-ydenC should be 



wl^ifth ca us e gttjdents to 



1 aa: 



b au BB. 



Vmini che" c^lc^lator solely oir p^iw^r^ly for che^lting p^pec-and-pencll 
w©rk ha-i fthts inherent datiger^ Jf m%mXKCitm usted fot checking i ^ 
eoiiside^r feav^ing students cheete u^ln^ eha itiiffeTSe ofer^tion^ this provides 
for liinfor^ein^nt off the inv-ersa re3.a^iQnihlpa b^twe^ operations and 
perhaps for greater understanilng ^ht aL|&ilt^* e^amplfis when 

the ^tudwt ha^ CQraplatidp ^ith ^api%r ii\d pciieiL , L^ng diviilon eKtraple 
with a rewatnd^ri h&ve ^b© ^t^da^t ^h#ck Qft the •calculi tor by multiplying 
thi quotient by tlrii di%^l0Ot an.d ^dd^ng the tkmLmimt rto ^hmt product. 



Tlmls bulLettTi pxep^ared by Kary Httl^y Joxim mA%, Ci aa^le^, Fatrfa^c County 
(irirgitiia) Public Seho^ol^. 

This pu.:bLicattcn mm prepared pursuant to # s^npract ^ith the Nsitional Institute of 
Etfufeatl-oft, U,S < Dspartiae^t of Hialchi Ed-uc#ct^n and VJ€liar.e, Cion^rastors %indertaking 
stfch prcjeeta -wnder G^«nment sponsocitmip at^ pnftciura£ad to ex^r^sa freely their 
jad^ent In prcf^ssAowl 'and cechnicti mt^et^, P^^ltiti oE 0* opinions do ndt, 

thir^foTfe, ats^s^ariljr represent ogficl^l ^at^oi^al Inatitiitfe of Education poiltlon 
QIC &cll<y« 
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lEA PIWO A. CALCULATOR WORKSHOP 
rrepared \y Jane Donnelly Gawronski 



Information Bulletin No. 5 
December 1978 



The usft of calculators in the nachsfflatics classrooin is of great Intergst to 
school staffs and school conau,Tilty groups. Wprkshops and In-servlce programs 
on calculator use 4ra often planned and conduoted in response to this Interest, 
If you are responsible for coaductlng or leadltig these activities, there aire 
several thtngs you can do to help to insure their success, 

BETOR E THE WORKSHOP 

Ilmt of allp select appropriate objectlvea for the workshop* These are not 
really intendad as rigorous bahavloral objectives for tha workshop partiaipants 
to iDaster or to bs pretested amd posttested, but rather these objeatlves a^a 
to hilp y^ou In selecting acti\rlties and matirials for workahop partiaiptnta w 
ysi* niaie objectlvea may imludei 

A) To have the participants beGome faffllliar with how t© use a Q^tculstor , 

B) to demonstrate calcuLator activities for specific topics, such 

ae coroputatlonal skiLlSj geoinetry^ order of opitatlons, and problem 
iolvlng * 

C) to Identify how to use the calculator in the elassroom: aatistgemint, 
storage j maiTitenance, record keepingi etc* 

D) to become familiar with hot^ to plan and conduct in-iervlei pwgrinii 
cm calculator use* 

Oacfe you'm selected your objectives, you can consider ideas, actlvitias^ and 
natferials that will help yo^ to accomplish them. Fortunately, there art inany 
bciokap pamphlets, and task cards comerciiily available, as well as a^etialeg in 
the literature. See the Calculator Imf ormmtlon Center Reference Bulletirti for 
eoffipreherLslve lists of these resources* 



CBTTING StARTED 

Shati your TOrkahop objectives with the participants* This is helpful tot the 
participants and lets them kno^ what to expect to have an opportunity to learn* 
It ia cxitlcal, however* to begin with activities that are non-thrtat#aitig^ 
l0y--rlsl£ for participants and that have a high potential for success. The 
calculator is still recent teGhnology and must be introduced to many teachersi 
It's the children who are groining up with this technology in the world around 
them who accept it as a matter of course. Adults may sometiines be reluctaiat 
or Iflhibtted/ Some of the letter-number activities are appropriate m latra- 
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duccovy vehicles for adults. For eMmplei 

!• Did y©u loiow your calculator was bilingual? 

K^y in 15, and turn your calculator upside iovn* 

Ot^ 2* Did you loao^ your calculator can display the name 

of a best seller? 

Key in 37S18p and turn your caleulacoi upside down. 

Aettvitles like this one can give the novice calculator user soofc non--thraat-^ 
enliig practice w^lth keying in number's » reading calculator ntimerais, and eheck^ 
ing the display. A quick introduction to addlctoa, subtractions ffiultlplication 
Btki division can follow InDotdlately* ^ 

IMTRODUCING THE KEYS AND ACTIVrTlES 

When an Qperatlon .such as addition la introduced s "how to key in" addition 
examples should te discussed* The ixted for using the CLEAR and/or 
CLEAja/CLEAl ENXRt keys before entSTlng a problem should be deaonatratsd. It 
is also helpful to start %ilth an eMmple for whicb patticipants already know 
the answer. This way they can verify for themselvea that they are using the 
calculator oorrtctly. An example sisch as the following can be used* » 

Example: 7 + 8 ^ ? 

Calculator Solution! E 7 Si sQDISPLATf 13 

After introducing how to add using a aalculacors l^ad partlaipante in problem 
aolvlng or exploratory activity rtquiring addition. Pgr exMple: 

1* Maks your calculator display 895 using only the l* 0* 
S and 0 keys , 

Or, 2, How toany different t*?ays can you find to expreia 763 
as the sun of primas? 

The grade level Interests and matheiflatical backgrounds of the workshop par- 
tialpants should help you to aelect appropriate activities for thia# 

This same general proceduri can be used to introduce the operations of subtract 
tioni, multiplication i and division^ as well as hoy to use special keys such as 
% K^t ^ * Firsts introduce the use of the calculator with a problett partici- 
pants are apt to know the answer to <you may want Co do ciore than one ©f these) . 
Second* follow this with an activity where the us€ of the calculator is obvi- 
ously an Important asset for finding the solution, 

Additional ideas and activities should be selected so they illustrate your 
objectives* A review of the i^terials cited in Calculator inforMtion Center 
Reference Bullatins on ''Inatrnction ii?ith CaLculators*' and '"Books" will provide 
ypu with a variety of place value, computational i Md problen^solvlng actlvitits 
to ust. . * , 
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lartiQlpants should be provided with a copy of appropriate visuals m as 
a "handout*^ for them to use* This ^ay they can closely follow your prftaenta-- 
tion mnd practice or try out the ideas and activities* 

It ±8 also desirable if participants h^ve their individual calculators * 
l£ nots a calculator can be shared by two or more people* In facti ym may 
^ant to use activitiei that are designed so only one calculator la required 
for a group of two to four participants. However, if you have access to a 
cltBsroom supply of calculators ? by all cieans use them. But do not be iur*^ 
prised if participants bring their own caLculatora to use. This is all right 
and. In fact* may even be better* If they know how to use their Q%m calcula-^ 
tor and all its keys, then they are probably more apt to make effeccive usa 
of the calculator in the classroom* In addition, this can provide ^ ^It of 
*-ahow and tell'* atmosphere and more partlciparit involvement in the workghop* 
Also, it provides an opportunity to identify characteristics of different 
calculators J since some calculators have Liquid Crystal Displays (tCD) and 
others will have Light Emitting Diode (LED) .displays. Some calculacots have 
special keys that do not appear on inost simple four-^f unction aalculatQPs. 
If your workshop objectives Include one on calculator technology ? you may want 
to go into some detail and indicate advantages and disadvantages of particular 
features of calculators. * 

EKPIMG ^QUR ^QRKSHOF 

At the conclusion of your workshop you tnlglit want to give participants a 
'^Certificate of Competence with the Calculacor** or a "License to Operate a 
Calculator-" This is particularly appropriate for participants who have come 
to their first calculator workshop- Remeiftberi tooj that throughouc the worH^ 
shop you have been a model for how to Introduce or use a calculator approprl^ 
ately. The cercificate is another idea that participants may want to Use in the 
classroom*- At this point you should also provide sources for more information 
or Ideas about calculator use. These might includei 

I* How to get on the Calculator InfoOTatlon Center mailing list* 

2. Annauncetnent of additional workshops or National Couiicll of Teachers 
of Mathematics and Affiliated Group services* 

larticlpants should also have an opportunity to evaluate the worksliop- Tha 
following is a sample evaluation form you flay want to use* 

SAMPLE EVALUATION FORM 



loplc/Tltie Speaker /Consultant Bace 

(Circle appropriate reipons^) 

1, Were the objectives for thli iesslon clear? Clear 4 3 2 1 Vague 

2, To what eKtent were the obj^ctlvep met? ' Fully 4 3 2 1 Little 

3» Bow wall was the presentation organised? Very Well 4 3 2 1. Very J^o^ 



4* Sow helpCul ym t^ink tht prfeientatton 
will to ymt wfk? 

5* Sid th^ physical arMngeaents b%lp ot* 
hinder the meetliig of the objectlvei? 

6- Were the related media appxoprlate? 

7* Was thtre enough dm allwtd to meet 
the objectlvef? 

RBCOMffiNDATlONS/CONClMS iKmAmB 
\i?bat I found moat uieJul wbi 

What 1 would like Biota of is? 

Additional remarks I 



Very Much 4 3 2 1 Very Little 

Help 4 3 2 1 Hitider 

Very 4 3 2 1 Inuppropriace 

SuffiQient 4 3 2 1 Instif f icienc 



wad tha evaluation torn and ^cmi%^ the raPuUP, Use ll^L^^^^^^ 
w'h^re appropriate* And GOOD tUCKl 

rh^ fellowing checklist my help ypu in yow plOTtiing 

« 



1. Javltatloti to potential wrkshop participants 

,2. JLeasant soon enviroftrtent — refTeshnenti help 

3. Ca,lculatQTS 

4. Handouts 

5. Visuals , 

6. Media 

7. Display at sanple copies of ttatetials available 

8. Evftluation foeni 



Thlo bulletin «as piepaied by Jme Cotitielly Gavronski, Departsieiit of Educaclon, 
San Diego County, San Diego, CaltfOTnia. 

Thla publication vas prepared pursuant to a contract with tfee MattonaL Inscitute 
S Education U.S^ E^^^ o« MMltb. Educatiofl aod Welfare. Contractors 

irtSnheL 3udg»e«c iti prefessicnal and technical mattsfs. ffoints of yle^ or 
eplSLfdo nol^herefo«. aec«s«lly tep««nt official Naticrtal Xnstlc^te 
of Education postticrt ot policy. 
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Info msLt Ion 

CALCULATORS IH GRADES K--3j^^ M January 1979 

Picepared by Theresa' Denman 

. # Now would anyone tveci consider putting calculators In the hwds 

W V ? £ive--year-olds? For chat inact%r^ ^hy iise theta ^ith any child belo^^r 

> * gradft 4? Ah , * , but why not? Afte^ all* tio#t primary grade pupils 
have seen or used these little loaGhinei at home, cost has made 

the tiny electronic boKes a neeesslcy In even the least affluent tiouae- 
holds . 

If aduoatlon purports to equip students to cops ^^Ith tTheir surroundinga , then 
one argument for using calcuidcors with su^ch young learners li that the machines 
are a viable part of their envt^ontoent. Moat ptlBiary pupHe seem to aaaaclate 
the calculator with specific adult actlvltiei such as grocery ihoppings cheak 
wrltlttg, home repair purchase^i gasoline plleage? itc^ Youngsteri 'want to act 
Out similar situations* The calculator ±b oh\riously an important adult ''toy". 

Children cannot Ignore the intrlgutng buttons and lighted nraiber displays. The 
ability to produce or banish th^ glowing numerals at the flick of a button is a 
typt of control young children aaJdom eKperlence, The Intereit-generating 
traits of these number machines are ^ell-'known to teachers who have found pupils 
oro-wded around a classmate- t^lch a calculator brought from home* Motivation^ 
Certainly s can be considered as 0^ second reason tax uilng calculators i^lth any 
Imrner. It is wonderful to find an educational cool that really fasclnatep 
today's TV-sated youngsters. By the way, classrootn eKperlencei^ racorded in 
eiducational periodicals since 1974 ^ seem to indiaate that ehildren sustain this 
interest over long periods of tl^Oi Nevertheltss ^ ttotivation alotie la inauffl-- 
eient cause for using an item In the clasaroo& aettlng* 

Mistakes can be removed from the ealculator vlth the push of a button. 
This can be a real boon for those who la^k the sttall-^rousole develop-- 
flient that handwriting Requires- This feature may be espeaially help- 
ful to immature learners in grades 2 and 3- 

To tise or pot to use calculators with very youmg children la not the heart ol 
the question*, The major concern is whether calculators can aid p\ipils in 
taidarstandlng coacepts and in gaining skills ±ji mathematics , EKaawie the usual 
curriculw for grades Counting; number rioognltloni one^ta-one correapon-» 

deneai betwennesSi numbers beforei n^bers afteri the number relations of 
gireater tharts less than^ and equ^l to are impDrtant in the primary grades* While 
eKattlming these ideas, children ^an eKperience some apptoaches to problem 
sol^iligr The understandin| of concepts and the development of problett^solving 
tecimiqtte^ are the most perva$iv# reaions for ^slng calculators with young 
leamsr a * 



The aducatlonal importance of calculators has been emphisl^td by one writer, 
Joy Rogers C2f)* She arguep that calculators have the potential for 
b^coffllng aids of enduring value much like books and chalkboards, Hsr four 



criteria for such aids are chat they bei (1) inexpensive and durable, 
(2) controllable by tha learner, (3) able to do something the learner 
wants done, and (4) flexibly usable. 

Fine , . . so teachers can use calculators with prlniary grade 
learners. With the wide variety available, which kinds are 
UaT ? appropriate for the kindergarten through third grade? Two basic 
■A ^ types of machlneg are available and suitable for use with very 
young children. Some are preprogramjned with a wide range of 
capabilities. Principally, these tnachines present calculation 
eKaroples^ such as 5 + 7 - ?, one at a time. Pupils punch in their answers 
and the display Indicates whether the particular answer is correct or in- 
correct. The least expensive models of this type may offer only addition 
and/or subtrriction facts, ten in a set, in an unchanging order. The most 
expensive can be progranmed by the teacher as to siie of numbers used, 
kind of operation, and number of examples in each set. Of course, all 
sorts of options and prices exist between the two extremes. Some examples 
of these devices are iii the list of references (4-^8). 

The pre-set programs limit the educational possibilities of this type of 
raachlne. The principal value is for drill and practice of skills already 
studied. Immediate feedback rewards the pupils and releases teachers and 
parents from checking answers. Because rapid recall of basic facts is so 
necessary for the mathematics taught in the upper elemenCary grades, the 
preprograipjned m.odels can be helpful from the m.lddle df grade 1 upward. 

The second type of m.achine available for young learners is a very 
stople version of the hand^held calculator. Very simple must be 
stressed. Of course, keys for the nuinber 0 through 9 are needed, 
as well as those for the operations of +, and The decim.al 
point, equal sign, and "clear" (C) keys complete this isinimal list, 
A "clear entry" (CE) key can be helpful. Third-grade teachers 
may wish for the division operation to be available as well. 

The ability of the electronics industry to produce increasingly more compleK 
and smaller calculators for little cost may eventually create difficultiea 
in finding appropriate m.achlnes for primary youngsters* Children need 
calculators sufficiently large for them to handle easily. Large numerals 
minimise reading difficulty. 

An excellent listing of desirable features for a cal- 
culator to be used in the elementary school can be 
found in Joseph Caravella*s article, '-Selecting a Mini- 
calculator", in the November 197 6 issue of Arithmetic 
Teacher . Information Bulletin No. 3 from the Calculator 
Informatipn Center also contains an even more detailed 
listing of suggested features for calculators to be used 
in elementary schools. 

toe additional feature, the automatic constant, has become a necessity due to 
the games and activities being developed for elementary classes. Specifically, 
this feaeure allows pupils to continue to add, subtract* multiply, * and divide 
by the Slumber after the operation sign (the second number) by Just pushing the 

equal sign. ^ — _ 

For example I 6^2© displays "8". Push £3 again, 
and "10" appears. Successive keying of tS results in the 
calculator counting by Bewara of inachlnes having a 

K ("constant") key. 
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A variation on this second type of calculator is the ABLE machirie that is a 
standard model with six interchangeable faces* These alternate keyboards allow 
acQass to from 5 to 15 keys in a variety of combinations. 

Currently, materials for using the calculator with grades are 
rather scarce* Actually , appropriate activltlei should be very aim- 
pie and few additional aids are necessary. The usual counters s number 
charts I hundred squares* doniino cards, number lines , flash cards, and 
other materials can be teamed with the machines. 

How the calculators are used with very young learners ia of the greatest Mpor^ 
tance* In fact, the literature of the caarly 1970s suggested that children 
ihould have developed a concept of numbers a svatem for naming numbers, and the 
meaning and the processes of the basic operations before calculators are used 
In the classroom* This caveat is softening as teachers find ways for young 
learners to eKamlne counting and number sequences in a ©ore meaningful manner* 
The usual lessons and materials should be used in the original development of 
a concept. Calculators offtr variations on the theme and so serve as alternate 
approaches* 

Allow short periods of '-free play-' time with any type of calculator during the 
initial experiences* Just let the pupils try the different buttons and observe 
what happens* Be sure to follow this with discussions about what the children 
find out* As long the class members work actively with their machines, 
these warm-up discovery sessions should continue, even with older elementary 
children. Kindergarteners might ei^perience only these unstructured sessions* 

The electronic displays are different enough from the familiar printed 
numerals so that children may need some practice matching the two 
versions* Have pupils read some sample displays first. If they are 
Interpreting reasonably veils get on with the active use of the calcu-- 
latora. 

The development of rational counting can be enhanced by having the children 
count Individual objects (manipulative level) to a set by entering 0 O 1 i 
then using the to count the first item. Each time the [3 i^ depressed * 
another object is counted* Children should touch each item as they press the 
Q * Each item is related to a cdunting number* Thli Is eKperience with one^ 
tO""one correspondence * 

The same activity can stress sequences • In the above case, the calculator 
is counting by l*s. Change the initial action to 0 Q 2 [S] and counting 
by 2 'a is the result. At other times, the calculator can be made to count 
by 3'sp 5's^ 6-s, 10*s, 25'©^ 50' s» lOO'Sj etc. Not only are these topor- 
tant counting eKperiences* but they are also readiness for multiplication. 
For eKample^ coimtlng hy 6's results in the products for the ''six table", 

Ifoung learners can progress to employixig calculators to associate certain dot 
patterns (rapresentational level) with specific n^erals. Specif ically, if 

the pattern Is , pupils would point to each dot as they use the 

• # • 

to count by ones. This proeess can be reversed if small labels with dot syiobois 
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are pasted over the calculator numbers* This forces the children to use the 



• for "5"t ate. Change Che patterns so that the flveneas is stressadi 

• • • ' 

rather than the configuration. Five might be shomi as # * or • 

Counting backt^rarda is achieved by entering any large nwEber and then 
Q 1 , Again s the next lower number is given with every press of 
tha equal algn. Don- t worry that eventually the display may registar 
soffle negative numbers* Of course * teachers can no longer .sayi to 
the eKaaple 23 - 7 ^ ?, that seven cannot be subtracted from three* 
After allj when 3 - 7 is entered in the calculator, the result is -^4. 
Interestingly 5 the Comprehensive School Mathematics Program (3) has 
first graders adding negative numbers* Thli approach seems to be 
easier and to give greater success than the usual subtraction algorithm* 

Either counting forward or backward from a given number can allow children to 

see which numbers come after or before that number* Eventually, the word '-before" 

can be replaced with the phrase "less than", and "after becomes "greater than". 

Ask the children to display "24" and then record all the numbers they find 
as they count by I's to 32, The resulting list is comprised of the numbers 
between 24 and 32, By the way^ this is definitely a problems-solving 
activity for grades 1 and 2, because children must be able to use the 
familiar counting sequence to gain new information* 

Further, problera-^solvlng skill can be obtained by asking the youngsters * 
"What number appears if 25 + 1 is entered and the equal sign pressed 
ten times?" Third graders should be allowed to guess the final number 
and then use the calculators to verify their answers* When children 
employ the calculator to f Ind^ ofeher ways of Indicating a specific 
number j they are experiencing analysis and/ or synthesis^ on their 
own learning level* The nurturing of these higher level thinking 
skills depends on the young learners doing their ow*n experimenting. 
Some may observe that 23 is 19 + 4 by subtracting 1 from 23 with four 
pushes of s Others might begin with the 19 and build to 23, 

All children love to check their computation with the calculator. Only after a 
set of e^cercises is completed would the calculator be employed* Pupils cQuld 
use red pencils eKcluslvely during this activity. If only one calculator is 
available to the entire class, have a checking corner, where one child has the 
privilege of performing this service* Even less able learners seem to benefit 
from this experience, so don't limit the most successful youngsters to being 
the checker. 

Place value can be associated with changes displayed when "9" changes to "lO^S 
"99'' to "100", etc., with the addition of 1, Even 1+1 + 1 + 1 + 1 + 1 + 1 + 
1 + 1 + 1 shows that ten ones become one ten. Notice should be made of what 
happens when 19, 29, or 39, etc*, have I added. 

Again, it is emphasiEed that calculators operate as a means to alternative 
or supplementary experiences for young children. Continue to use the 
©anlpulatlves like Unifix cubes, counters, attribute blocks, and counting 
frames for the Inlclal teaching, as always. 
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Creative teachers will need to weave calculator activities tato their lesson 
aequancei. It may take considerable time for such auggestions and lesson 
plans to appear in textbooks and workbooks for the classes * Adapt and 
simplify I One eKceptionally fruitful source is Mat h Pl ay Therapy^ Volumes 1 
and II (3) . 

One game from these teacher guides pairs children each using their 
own calculator. One child , who could be the less able learners 
starts at "0", This player may add any chosen number at each turn. 
The second pupil starts at "100-% and may subtract any number he or 
she i^lihea* The object of the game Is to force a player to record 
a number the opponent is on or has passed already. For examples 
if the calculator which began at "0" reads "53" and the "100" 
machine is at "54*% the first player is forced to enter 1 . 
This child loses the games as his or her display now shows **54" 
as well. This can also be a class gamej with two teams each using 
a calculator. 

Preprogrammed machines are usually furnished with an instructional manual 
which often contains suggestlDns for individual or classroom games and acti-- 
vitles* Don't overlook these publications as sources of ideas for the class-- 
room. Regular calculators can be used for many of these activities if the 
pupils key in their own examples. 

Many other activities are contained In the references listed below. You and 
the children can eKperiment together! Calculators " and very soon micro- 
computers will be fundamental tools in your pupils' educational future 1 



References 

Teacher Resources i 

1* Coxford, Arthur at al. Uses of the Calcu lator in School Mathema ticSs 
K-12 t Monograph No, 12s Michigan Council of Teachers of llathematlcs * 
BOK 16124* Lanalng, Michigan 48902, March 1977. 

2. Arithmetic Te achers Volume 23s No. 7, November 1976* National Council 
of Teachers of Mathematics * 1906 Association Drive, Reston, Virginia 
22091. 

This entire issue is devoted to minicalculators. Of especial interest 
are the following articles i 

a- Bells toK S,i "Calculators in Elementary Schools? Some Tentative 
Guidelines and Questions Based on Classroom EKperience"s PP* S02'-9, 

b* Brunls James V, and Silvermans Helene J*, "Let's Do It! Taking 
Advantage of the Hand Calculator", pp, 494-SOO, 

c. Caravella, Joseph R, , "Selecting a Mlnlcalculator", pp. 547-550. 

d# Immergeel, Georges "One Point of Viewi It's In Your Hands'^ 
p. 493, 

a. Judd, Walter, "Inatructlonal Games with Calculators", pp. 516-18* 

f* Rogers, Joy J*, "The Electronic Calculator— Another Teaching Aid?", 
pp. 527-530 • 
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3. Papy, Fraderlque. Math Flay Therapy Volumes I and II . Comprehensive 
Sehool Mathematics Programt CEMRELrinc;i 3120 "59th St,, St. Louis, 
Miaaouri 63139. 1978* 

PreprograTOied Nachinesi 

As with all electronic devices, rGfinemcnto and modifications are causing 
models to change almost from tnonth to months Teachers should eKamlne what 
is available in light of their pupils' needs. This list is not eKhaustive. 
No specific addresses are given as most machines are handled by office 
machine companies, department stores, and school supply houses* 

4. Dlgitor Learning Arithmetic Modules three models ^ith increasing 
ranges of functions (Centurion Industries, InCi) 

5. Classmate 88 (Monroe Calculator Company) 

6. Little Professor (Texas Instrimaents ^ Inc j 

7. Qui2 Kid (Natlonal^'Semiconductor Corporation) 
8i Dataman (Texas Instruments^ Inc) 

Calculator with interchangeable faces: 

9, ABLE^ Calculator " this machine is available with gamei equipment , 
manlpulatlves, and planned lessons for early elementary pupils (Texas 
Instruments , Inc . ) 



This Information bulletin was written by Theresa Denman, Detroit Public Schools. 

This publication was prepared pursuant to a contract with the National Institute 
ot Education j U.S. Departinent of Health, Education and Welfare. Contwctora 
undertaking such projects under Government sponsorship are encouraged to express 
freely their Judgment in professional and technical matters. Points of view 
or opinions do not, therefore, necessarily represent official National Institute 
of Education position or policy. 
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InfOTTiation 
miletin No. 7 
my 1979 

HOW TO SET STARTED USING CALCULATORS IN YOUR CLASSROOM 



TeaeherB often have questions when they get started using 
calculators* We have tried to answer soTtie of these questions 
with exarnples from our classroom. We hope these tips and 
techniques will make getting started easier for you, 

George Immergeel 
Earl Ockenga 
Price Lab School 
University of Northern Iowa 
Cedar Falls ^ Iowa 



CAN A CALCULATOR HELP TEACH PROBLEM SOLVING? 



Taaahing problem solving is 
one of the easiest ways to get 
started using calculators in 
your classroom, You need a 
good problein deck. You can 
either buy a deck or make 
your own. You can get a 
good start by selecting 
problems from out-of-date 
taxtbooks and typing them 
©n 5 3£ 5 inch cards. A little 
art will add to the studants ' 
interest. Students will also 
contribute good problems if 
you give them a chance. 




ninmti ¥icm ^Hi tihei will it mat 

IN h S.^SAV ^KTH? 
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There are lots of good v/aya to use a deck of problein cards, 
You might select about 30 cards for a class of 30 pupils* 
Have the students ,wrk in pairs, When a pair of students 
solve a problem hav^e them ivrite their answer on tha chalk-- 
board or check with the answers that are already on the 
chalkboard. Of doursa there are Lots of other ways to use 
your problem deck to generate a real interest in problem 
solving now that you have sonia calculators. 



HOW CAN THE CALCULATOR ENCOORAGE EXPERIMENTATION? 

The stateinents on the file card are examples of real world 
situations where studente can perform an experiment^ collect 
information, and then uae their findings to decide if they 
agree or disagree with the statements. 



DO you agree or disagree with these statements? 

• It is ^ssible to \m\M a Jdlcnieter taking less 
than 1200 steps, 

• The hunm haart ^^ts TOre tt^an 300 mllion tmm 
a year, 

• $500 wortt of pemies laid side by side would make 
a line of p^mes a kllcmeter lo^. 



The calculator makes real ^orld problems possible. For the 
first time, students can lasily handle the data generated 
from their experiments. 




EXPERIMENTS 
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HOW CAN THE CALCULATOR HELP STUDENTS REMEMBER THE BASIC FACTS? 



A mental computation game that 
our studenta enjoy Lb "What 
does my calculator display?" 
Here is 'how the game is 
played* 

The teacher gives a sequence 
©f number facts and computes 
on the calculator as students 
compute mentally- When the 
teacher says "equals", 
students write down their 
final answer and compare 
it with the answer displayed 
on the teacher's calculator. 
A point is scored £or each 
correct match* 

Not only does this type of 
activity provide mental 
computation practice/ but 
it also provas to students 
that "knowing" the basic facts 
is quicker than using the 
calculator. 




WHAT CAN YOU DO WITH A BROKEN CALCULATOR? 



Once in a while you 
will find a calculator 
where some of the 
keys iflo not work. 
Don't throw that 
calculator away. 
It is a source of 

thought Bpovoking 
problems^ For eKample/ 
if the 7 and 8 keys do 
not work/ ask the students 
to tell how they Would 
use the broken calculator 
to add 278 and 879 or 
inultiply 75 times 38. 
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HOW ABOUT USING CALCULATORS TO CHECK ANSWERS? 



Cheoking answers on a aalculator can 
bm dangerous if it is done too 
frequantly. Put yourself in the 
position of a student who has just 
spant 5 minutes of hard labor doing 
a long division exercise and then 
checks it painlessly in 5 seconds on 
a calQulator. What is learned? The 
student learns that school is unreal 
and that the division exercises should 
have bean done on the calculator in 
the first place. However^ there are 
times when checking on a calculator 
makes good sense- You have just had 
the student complete 20 multiplication 
exercises at the 2 digit x 2 digit 
level. Try giving each student 4 
coupons which they can trade in for 
a free calculator check. Three or 
four students are checkers and are 
equipped with calculators. The 
students can get one of their problems 
checked anytime they want to give up 
a coupon. Using a calculator provides 
feedback, and keeps the students 
interested. 



■COUPONI 



I CALCULATOR 
■ CHECK 

Its B a a a COUPON • am a 



r 
i 



i 
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CULATOR 



i 
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HOW CAN YOU INCREASE THE STUDENTS* ESTIMATION SKILLS? 



One favorite estimation 
game is "4 in a line". 
To play we put 8 numbers 
on the chalkboard. 
Students play in pairs. 
The first player chooses 
two numbers from the 
chalkboard and multiplies 
them on the calculator. 
If the answer is on the 
6x6 answer grid, the 
student covers the product 
with a marker. Four 
markers in a line in any 
way determines a winner. 
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A Gheck mode can 
also be used to 
eneourage students 
to estimate. 

In this example 
the student 
places a decimal 
point in the 
measures, finds 
the sum with 
the calQulator^ 
and is pretty 
sure the answer 
is correct if 
the calculator 
sum checks with 
the number on 
the sheet. 



Nimg! 



P\Hi Ihe dgcimiipoinl m eich number cenlained in the ifti btiaw lotht mtllufimtnl 
makei Sinsf. rhin eempire you? totil with the v^numbtr for fht itt. 



Sit H Height of a min^ iM mrttri 

Linglh of i foolbill Ijeldr 9U m^\m 
Len0h of iutomgbilii 5S0 metifi 
Hsighl of i^skftbal! hoop- meteri 
Lingthof noteboali paper- 280 meteri 




Another way to 
rainf orce estimation 
skills is to play 
the game Target 
Multiplication, 
Two players take 
turns following the 
flow chart. In 
game 1 the first 
player enters 25, 
pushes ^ i enters 
another number of 
his choice and 
pushes ^ # If he 
is on target (680 
to 710) he wins^ if 
not he passes the 
calculator * The 
other player makes 
an estimate^ pushes 
^ and the play 
continues until one 
player "hits the 
target" * 




ISTIMATING 
MULTIPLICATION 



Uiini Bhi> tht ^ ifiJ nymhtfi. try !u "hii Ihi? m^h' 



FnU'f 
F 



I Py«h 



♦ — 




Vqu 

Win! 
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HOW CAN THE CALCULATOR BE USED TO EXTEND TEXTBOOK LESSONS? 

Many lessons in the textbook can be extended with calculator 
activities. For example, an extension of a paper and pencil 
lesson changing fractions to decimals is shown on the chalkboard. 




Activities of this type can help students relate their know- 
ledge of fractions to decimals. By using a calculator students 
can check out a large number of fractions in a short period of 
time, 

ARE THERE WAYS TO USE THE CALCULATOR OUTSIDE THE CLASSROOM? 

The availability of calculators in the home makes possible many 
outside the classroom activities. A favorite home proDect o£ 
our students is to find the most expensive food (cost per gram) 
in their kitchen cupboard. For example, is the unit price of 
a 42 gram can or nutmeg that cost $0.86 more expensrve than a 
454 gram can of coffee that cost $3,08? 




Students will enjoy this type of home assignment because with 
a calculator successful division computation is within the 
reach of every student. 



Thm Mcrk upm whidi this pi4>lication is based was perfonned purauant to 
Cwtoaot No. 400-79-0025 of the National Institute of Education. It does 
not, howovw, necessarily reflect the views of that agency. 
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